
Abstract. Background: The study provides a novel
prediction model for COVID-19 progression and outcome
by the combination of the CD8+: B-cells ratio with
neutrophil-to-lymphocyte ratio (NLR). Patients and
Methods: Immune phenotyping was performed in 120
COVID-19 patients. Results: A decrease in CD8+:B-cell
(p<0.0001) and in lymphocyte-to-CRP (LCR) ratio
(p<0.0001) was observed in intubated patients versus
non-intubated with an increase for CD4+:CD8+
(p<0.01), NLR (p<0.0001) and CRP: Albumin (p<0.001).
Receiving operating curve (ROC) analysis predicting
requirement for mechanical ventilation revealed the
highest AUC for CD8+:B-cells, (AUC=0.795, p<0.001)
versus NLR (AUC=0.783, p<0.001), LCR (AUC=0.779,
p<0.001), Albumin:CRP (AUC=0.750, p<0.001) and
CD4+:CD8+ (AUC=0.779, p<0.001). Combination of the
CD8+: B-cell ratio with the NLR increased the AUC
(AUC=0.845, p<0.001). The combined ratios correlated
with outcome defined as duration of hospital (r=0.435,
p<0.001) or ICU stay (r=0.596, p<0.001). Conclusion:
Combination of the CD8+: B-cell ratio and NLR serves
as a useful prognostic tool for COVID-19 patient
progression.

More than a year on, the SARS-COV-2 pandemic has led
to the death of thousands of people worldwide and has
posed an unprecedented burden on health systems across
the world. Although the majority of patients experience
mild symptoms mimicking those of the common cold, in a
small number of cases disease from SARS-COV-2 known
as coronavirus 2019 disease (COVID-19) causes
pneumonia leading to acute respiratory distress syndrome
(ARDS) and possible need for mechanical ventilation and
intensive care unit (ICU) treatment (1). These patients
usually exhibit elevated levels of cytokines such as IL-6,
known as ‘cytokine storm’ accompanied by an increase in
pro-inflammatory markers such as ferritin and C-reactive
protein (CRP). In this regard, more specific markers
indicating disease deterioration and outcome have become
an urgent need. 

Immune phenotyping allowed the characterization of the
immune profile of COVID-19 patients, thus providing an
insight to the immune response towards COVID-19; it is
now known that COVID-19 patients with severe and/or
critical disease exhibit markedly reduced blood cell
subpopulations (2). Therefore, immune phenotyping may
also serve as a potential source for markers of COVID-19
progression. To this end, CD4+ and CD8+ counts have
already been proposed as markers for COVID-19
progression (3). 

The ability of previously reported ratios based on either
immune phenotyping such as the CD8+:B-cells and the
CD4+:CD8+ or on standard clinical parameters such as the
neutrophil to lymphocyte ratio (NLR), the lymphocyte to
CRP ratio (LCR) and the CRP:Albumin ratio to predict the
need for intubation in COVID-19 patients was assessed in
the present study. The combination of the CD8+:B-cells with
the NLR was found as a powerful prediction tool for disease
progression and outcome.
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Patients and Methods
Patients. A written informed consent was obtained from all
patients. Ethical approval was obtained from the Ethics
committee of Evangelismos Hospital. A total of 120 patients from
the second wave of COVID-19 were recruited. All patients had a
positive polymerase chain reaction (PCR) test for SARS-COV-2
from a nasopharyngeal sample. Patients were grouped into those
who did not require mechanical ventilation (non-intubated, n=71)
and those who required mechanical ventilation (intubated, n=49).
Blood samples were obtained on admission for all patients and
analyzed on the same day. Demographic and clinical data
collected included age, gender, comorbidities, lab values on
admission, initial vital signs upon presentation to hospital,
duration of hospital or ICU stay (days), duration of mechanical
ventilation (days), blood cell counts and in-hospital mortality.
Blood cell counts on admission were used to calculate the NLR,
LCR and the CRP:Albumin ratio. More specifically, the absolute
neutrophil count was divided by the absolute lymphocyte count,
the absolute lymphocyte count was divided by CRP values and
CRP values were divided by albumin values to obtain the NLR,
LCR and CRP:Albumin ratios, respectively. 

Immune phenotyping. Immune phenotyping was performed in whole
blood samples of patients by flow cytometric analysis. The TQprep
workstation was used for lysis, lymphocyte preparation and staining
prior to flow cytometric analysis in a Navios EX flow cytometer
(Beckman Coulter, Brea, CA, USA). Antibodies used for cell
staining are listed in Table I. Data were analyzed using the Kaluza
flow cytometric analysis software (Beckman Coulter). A
representative flow cytometric analysis of lymphocyte subsets and
gating strategy is shown in Figure 1.

Statistical analysis. Results are reported as absolute numbers,
medians, or means and standard deviations, as appropriate. No
imputation was made for missing data. Statistical analysis was
performed using the SPSS (IBM, Armonk, NY, USA) and GraphPad
Prism 8.0 software (GraphPad, San Diego, CA, USA). Data were
tested for normality using the Shapiro-Wilk test. Unpaired t-test or
Mann-Whitney U-test were used for normally and non-normally
distributed data, respectively. A paired t-test was used for
comparisons between variables within the same group in the event
of normally distributed data and a Wilcoxon test was used for
comparison of data within the same group without normality.
Spearman correlation was used for correlation of data. p<0.05 was
considered statistically significant. 

Results

Patient characteristics. Patient characteristics and clinical
data on admission are provided in Table II. The mean age of
non-intubated and intubated patients was 56.31±15.99 and
63.69±10.95 years, respectively. The most frequent
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Table I. List of antibodies utilized for immune profiling of patients by flow cytometric analysis. 

Antibody Specificity Fluorochrome Cat no./Clone Manufacturer

CYTO-STAT tetraCHROME CD45, CD56, CD19, CD3 FITC, RD1, ECD, PC5 6607073 Beckman Coulter
CYTO-STAT tetraCHROME CD45, CD4, CD8, CD3 FITC, RD1, ECD, PC5 6607013 Beckman Coulter
CD16-PE CD16 PE A07766/3G8 Beckman Coulter
CD4-FITC CD4 FITC A07750/13B8.2 Beckman Coulter
CD127-PE CD127 PE B49220/R34.34 Beckman Coulter
CD3-ECD CD3 ECD A07748/UCHT1 Beckman Coulter
CD25-PC5 CD25 PC5 IM2646/B1.49.9 Beckman Coulter

Table II. Patient clinical and demographic data.

Non-intubated          Intubated p-Value

Age (years) 56.31±15.99         63.69±10.95       0.032
Male 48 (67.60%)         37 (71.42%)       0.416
Comorbidities (any) 45 (63.38%)         32 (65.30%)       0.828
Diabetes 9 (12.67%)           7 (14.28%)        0.792
Hypertension 18 (25.35%)         21 (42.85%)       0.015
Cardiovascular disease 8 (11.26%)            4 (8.16%)         0.759
Chronic obstructive 4 (5.63%)               0 (0%)            0.144
pulmonary disease
Asthma 1 (1.40%)             3 (6.12%)         0.303
paO2/FIO2 312±80.60          179.6±82.00       <.0001
Days of illness 6.77±4.43             6.76±2.20         0.238
before admission
Temperature (>37.3˚C) 44 (61.91%)         28(57.14%)        0.705
Cough 34 (47.88%)         27 (55.10%)       0.462
Myalgia, fatigue 21 (29.57%)          6 (12.24%)        0.027
Dyspnea 15 (21.12%)         23 (46.93%)       0.0003
Days of hospital stay 11.28±6.846         27.78±19.05     <0.0001
Survival 69 (97.10%)         32 (65.30%)     <0.0001
Laboratory baseline
White blood cells 7102±3541          11227±8557       0.0005
Neutrophils 71.28±13.53         77.76±21.12       0.046
Lymphocytes 21.58±11.38         11.37±9.581     <0.0001
Platelets 226,471±94,661   245,277±92,979    0.214
C-reactive protein 7.93±8.87           14.45±10.42     <0.0001
Troponin 22.75±52.38         41.90±96.20     <0.0001
Urea 34.00±22.66         43.50±19.94       0.0002
Creatinine 0.882±0.282         0.970±0.300       0.055
Aspartate aminotransferase 41.60±34.82         54.52±39.78       0.0017
Alanine transaminase 38.01±30.82         48.17±36.90       0.078
Gamma-Glutamyltransferase 47.69±39.25         75.29±87.04       0.112
Lactate Dehydrogenase 292.4±108.9         569.6±281.5     <0.0001
Albumin 3.814±0.459         3.338±0.467     <0.0001

Data are presented as mean±SD or absolute number (percentage of group).



symptoms were fever, cough and dyspnea. Statistically
significant differences were observed for levels of various
clinical parameters recorded, such as CRP, troponin, urea,
aspartate aminotransferase (AST), alanine transaminase
(ALT), lactate dehydrogenase (LDH) and albumin (Table II).
A better outcome was observed for the non-intubated
patients, estimated by the smaller duration of hospitalization
(days) as well as survival. 

Prediction of the need for intubation in COVID-19 patients. A
statistically significant decrease of CD8+:B-cell ratio (p<0.0001)
was observed in intubated compared to non-intubated patients
(Figure 2), whereas a statistically significant increase of the
CD4+:CD8+ ratio (p<0.001) was shown. A significant increase
was observed in intubated patients versus non-intubated for
NLR (p<0.0001) and CRP:Albumin (p<0.0001), whereas a
significant decrease was shown for LCR (p<0.0001) (Figure 2).
The same ratios were also determined in a subsequent analysis
between survivors (n=99) and non-survivors (n=19) of the same

cohort of patients. CD8+:B-cell ratio significantly decreased in
the non-survivors group (p<0.0001) (Figure 3). Although
significant, the increase of CD4+:CD8+ (p<0.01), NLR
(p<0.05), LCR (p<0.05) and CRP:Albumin (p<0.05) ratios in
non-survivors versus survivors was markedly weaker compared
to CD8+:B-cell ratio (Figure 3).

Prognostic value of the CD8+:B-cell ratio in combination
with the NLR. Receiving operating curve (ROC) analysis was
performed in order to compare the aforementioned ratios on
their ability to predict the need for intubation in COVID-19
patients. In Figure 4A, curves derived from ROC analysis on
all ratios are shown. As described in Table III, the AUC of
the CD8+:B-cell ratio was the highest among the ratios
included in the study (AUC=0.795, p<0.0001) followed by
NLR which also had a high AUC (AUC=0.783, p<0.0001)
whereas the lowest AUC value was obtained for the
CD4+:CD8+ ratio (AUC=0.664, p<0.002) confirming its
lower potential as a predictor for COVID-19 progression.
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Figure 1. Representative gating strategy for immune profiling of coronavirus disease 2019 (COVID-19) patients.



in vivo 35: 3305-3313 (2021)

3308

Figure 2. Severe decrease of the CD8+: B-cell ratio in intubated patients. A significant decrease of the CD8+: B-cell ratio was observed between
non-intubated and intubated (A) as well as an increase for CD4+:CD8+ (B), neutrophil-to-lymphocyte ratio (NLR), a decrease in lymphocyte-to-
CRP ratio (C) and an increase in CRP:Albumin ratio (E). Statistical analysis was performed by Mann-Whitney U-test. ****p<0.0001, ***p<0.001.
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Figure 3. Severe decrease of the CD8+: B-cell ratio in non-survivors versus survivors. A significant decrease of the CD8+: B-cell ratio was observed
between non-intubated and intubated patients (A) as well as an increase for CD4+:CD8+ (B), neutrophil-to-lymphocyte ratio (NLR), a decrease in
lymphocyte-to-CRP ratio (C) and an increase in CRP:Albumin (E). Statistical analysis was performed by Mann-Whitney U-test. *p<0.05, **p<0.01,
****p<0.0001.



We next combined the CD8+:B-cell ratio with the NLR in
order to examine the performance of the combined ratios as
a prognostic marker. The combination of the CD8+:B-cell
ratio with the NLR exhibited the highest AUC (AUC=0.845,
p<0.0001) (Table III). Specificity of the combined ratios was
85.11% and sensitivity was 77.94%, with a cut-off at 0.388
and odds ratio (OR) of 3.858, suggesting that a combination
of the two ratios could be utilized as a highly predictive tool
for COVID-19 progression (Figure 4B). 

The correlation of the CD8+:B-cell, NLR and
combination ratios with outcomes defined as either
duration of hospitalization (days) or duration of ICU stay
(days) were examined next. A statistically significant
correlation with outcome was obtained for CD8+:B-cell
ratio, although this was stronger for ICU stay (r=-0.483,
p<0.0001) compared to duration of hospitalization (r=-
0.355, p<0.0001) (Figure 5). Similarly, a statistically
significant positive correlation was observed for NLR with
outcome and again this was stronger for outcome in ICU
(r=0.490, p<0.0001) than for duration of hospitalization
(r=0.385, p<0.0001). Combination of the two ratios
resulted in a statistically significant correlation with
outcome for duration of hospitalization (r=0.435,
p<0.0001) and ICU stay (r=0.596 p<0.0001) (Figure 5)
thus indicating that combining the two ratios can be a
powerful tool for predicting both progression and outcome
of COVID-19 patients. 

Discussion

COVID-19 has been particularly challenging in terms of
successful patient management, partly due to the individual
disease characteristics such as rapid deterioration of patients
into ARDS and the need for mechanical ventilation as well
as due to the lack of successful therapeutic regiments. To
guide clinical practice and assist clinicians in predicting
progression of patients into severe and/or critical cases,
numerous markers have been proposed as prediction tools
for COVID-19 progression. 

To this end we reported a ratio of CD8+:B-cells with an
increased sensitivity in predicting the need of COVID-19
patients for intubation and thus ICU treatment (4). In the
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Figure 4. Prognostic value of the CD8+: B cell ratio. Receiving operating
curve analysis for predicting the requirement of mechanical ventilation in
COVID-19 patients by (A) CD8+:B cell, CD4+:CD8+, neutrophil-to-
lymphocyte ratio (NLR), lymphocyte-to-CRP ratio (LCR) and CRP:Albumin
ratio and (B) by the combination of CD8+: B cells with NLR. 

Table III. Receiving operating curve (ROC) analysis of ratios for prediction of COVID-19 patient progression.

AUC p-Value Sensitivity (%) Specificity (%) Odds ratio Cut off

CD8+:B-cells                              0.795                        <0.0001                         83.33                           70.00                          2.778                          1.321
CD4+:CD8+                                0.664                          0.002                           69.39                           50.70                          1.408                          1.408
NLR                                            0.783                        <0.0001                         79.17                           71.01                          2.731                          5.383
LCR                                            0.779                        <0.0001                         68.75                           70.15                          2.303                          1.755
CRP:Albumin                             0.750                        <0.0001                         70.21                           63.08                          1.902                          2.072
Combination                               0.845                        <0.0001                         85.11                           77.94                          3.858                          0.388



current study, our initial findings have been verified in a
large cohort of patients of the second wave of COVID-19,
confirming its predictive value. Our results showed a severe
decrease of CD8+:B-cells in intubated compared to non-

intubated patients (p<0.0001), as well as between non-
survivors and survivors (p<0.0001) and significant
correlations of CD8+:B-cells with CRP, PaO2/FiO2, LDH
and NKT cells, in line with our previous findings (4). 
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Figure 5. Combined CD8+: B cell and NLR ratios as a prognostic tool for COVID-19 outcome. Correlation analysis revealed a negative correlation
of CD8+:B cells with (A) outcome defined as duration of hospitalization (days) and (B) outcome defined as duration of ICU stay. Positive correlation
with outcome for NLR (C, D) and combined CD8+: B cell ratio with NLR (E, F).



Immune phenotyping of COVID-19 patients has assisted in
the characterization of the immune profiles such as severe
lymphopenia (5-6). Due to the characteristic reduction in
lymphocytes, specific subtypes such as CD4+ and CD8+ cells
have been proposed as markers for COVID-19 progression. A
prospective study by Calvet et al., reported low CD4+ and
CD8+ counts as predictors for COVID-19 patients progressing
into severe and/or critical disease and suggested immune
phenotype as an admission routine test for COVID-19 patients
(3). CD8+ counts have also been reported as a predictor for
poor patient prognosis, especially in combination with obesity
(7), whereas Huang et al. reported CD4+ and CD8+ counts as
independent predictors for COVID-19 patient outcomes (8).
Furthermore, an increase of the CD4+:CD8+ ratio has been
proposed as a risk factor for critical illness in COVID-19 (9).
In our study, although an increase in CD4+:CD8+ was
observed, it exhibited a low AUC for predicting the need for
intubation compared to the CD8+:B-cell ratio, suggesting a
poor prognostic value of this specific ratio. 

However, immune phenotyping is not always performed
as standard of care and various other markers have been
reported for COVID-19 progression and are widely used
mainly based on routine clinical parameters. The NLR is one
of the most frequently reported ratios for COVID-19
progression with a high predictive value. Numerous studies
have reported the NLR as a strong predictor of poor
prognosis and progression to critical illness (10-13) as well
as a prognosis factor of intubation (14) and an independent
risk factor for mortality (14-16). Similar reports have been
published for the LCR (17-16) and the CRP:Albumin ratio
(18). Comparing the CD8+:B-cell ratio and NLR as
predictors of patient need for intubation, the CD8+:B-cell
showed a higher performance with an AUC of 0.795
compared to an AUC of 0.783 for the NLR. However,
combining the two ratios resulted in an AUC of 0.842,
suggesting a powerful marker for prediction of the need for
mechanical ventilation. An improved performance of the
correlations with outcomes, defined as either duration of
hospitalization or duration of ICU stay was also observed,
pointing to the combined ratio as a strong predictor for
COVID-19 progression and outcome. Taken together, these
observations introduce the combination of the CD8+:B-cell
ratio with NLR as a means to improve performance of both
markers for prediction of COVID-19 patient deterioration.
Furthermore, the current study underlines the importance of
immune phenotyping in monitoring of COVID-19 patient
progression and its use as a source of successful prognostic
markers. 

Conclusion

In summary, the current study identifies the combination of
the CD8+:B-cell ratio with NLR as a novel predictor of

COVID-19 progression and outcome and stresses the
importance of the correct use of markers for assessment of
COVID-19 patients. 
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